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Description 

The present invention generally relates to a papermaking process in which an aqueous paper pulp containing 
cellulosic pulp and, optionally, also mineral filler, is formed and dried, drainage- and retention-improving 
5 chemicals being added to the paper pulp prior to forming. 

Papermaking processes of this general type are widely disclosed in the literature. 

In the making of different grades of paper using bleached/unbleached mechanical pulps or unbleached 
chemical pulps, drainage and retention problems are normally encountered. This seems to be because when 
making special' paper grades, high contents of detrimental or trash substances are had in the paper stock. 

10 These detrimental and trash substances consist of substances dissolved from the fibre, such as kraft lignin, 
lignosulphonates, hemtcellulose, rosin and saits. In order to counteract the drainage and retention problems, it 
is possible to use various retention aids available on the market but the effect of these aids is adversely 
affected by the detrimental or trash substances present in the stock. This is a well-known problem and has 
been discussed In the literature, for instance in the Swedish Paper Journal (Svensk Papperstidning) No. 14, 

IS 1979. pp. 408-413, and the Swedish Paper Journal No. 12, 1982. pp. 100-106. These basic works have shown that 
there Is a reaction between e.g. anionic lignosulphonate and cationic retention aid, and that a so-called 
polyelectrolyte complex is formed. Such complexes often have an adverse effect on the dralnability of the 
paper stock. 

One object of the present invention therefore is to provide a drainage and retention system which 
20 counteracts the drainage and retention problems encountered in papermaking, especially In the making of 
paper products based on bleached/itnbleached mechanical pulps or unbleached chemical pulps. Another 
object of the invention is to provide a papermaking process providing satisfactory drainage and retention also 
when using such pulps. 

Further objects and advantages of the invention will appear from the following specification and the 
25 accompanying drawings. Figs. 1 - 12 are diagrams of the results obtained In the Examples given below. 

The invention is based on the surprising discover/ that special cationic polymers, in combination with a 
special inorganic colloid, will give a substantial improvement In respect of drainage and retention on both 
mechanical and unbleached chemical pulps. 

Quite generally, the system according to the invention comprises the step of admixing in the paper stock 
SO prior to forming a special combination of chemicals which comprise two components, one anionic and one 
cationic component. The anionic component is formed of colloidal particles having at least a surface layer of 
aluminium silicate or aluminium-modified silicic acid. The cationic component is formed of a cationic 
polyacrylamlde. The characterizing features of the invention are stated in the accompanying claims. 

it is previously known to use combinations of anionic and cationic components in connection with 
35 papermaking. Thus, European Patent EP-B-0 041 056 discloses a binder system where the fibres of the paper 
are bonded with the aid of a combination of cationic starch and silicic acid sol. 

Another kriown method for improving the properties of a paper product is disclosed in EP-B-0 080 986 in 
which a binder system is formed of colloidal silicic acid and cationic or amphoteric guar gum. 

In a development of the binder systems disclosed in the last-mentioned two patent specifications, use is 
40 made of a special inorganic sol which Is an aluminium silicate sol or an aluminium- modified silicic acid sol (GE- 
A-0 185 068, falling within the term. Art. 54 (3) EPC). This special sol has been found to give a particularly 
notable improvement in the function of the binder. An aluminium oxide-modified silicic acid sol as such has 
previously been used in connection with papermaking but not in combination with cationic substances. This 
appears from Swedish patent application 79005B7-2. 
45 European patent EP-B-0 020 316 discloses a surface- modified pigment having a surface coating in the formi 
of two layers where one layer consists of an Al2O3-Si02 hydrate gel and the other layer consists of a polymeric 
binder. As examples of polymeric binders are stated e.g. polyacrylate and cationic polyamides. This patent 
specification however relates to a pigment and aims at improving the properties of the pigment as an additive 
In paper or paints. The patent specification is not concerned with modifying the drainage and retention 
SO characteristics of a paper pulp. 

Finnish Patents FI-C-67 735 and Fl-C-67 736 disclose a three-component system for hydrophobic sizing of 
paper, which comprises a sizing agent, a cationic polymer and an anionic polymer. Examples of sizing agents 
are rosin acid, activated rosin acid, alkyl ketene dimer, carbamoyl chloride, succinic anhydride, fatty acid 
anhydride or fatty acid chloride. Examples of cationic polymers are cationic starch, cationic guar gum, 
55 polyacrylamide, polyethylene imine, poly amine or poly amide amine. Examples of anionic polymers are 
colloidal silicic acid, bentonite, carboxymethyt cellulose or carboxylated polyacrylamide. The Examples stated 
in the patent specifications use bleached sulphate pulp as fibre material in the stock, for which reason the 
amount of detrimental or trash substances is small. Nothing is mentioned in the patent specifications about .the 
influence of the trash substances on the papermaking process. A preferred pH range of 6 - 8 is stated, which is 
in contradistinction to the present invention yielding good results within the entire pH range and, thus, also on 
the acid side, which is of importance when using mechanical stocks and other stocks having a high content of 
detrimental or trash substances. 

The known two-component systems based on one anionic and one cationic component thus mainly serve as 
binders and have yielded good results on most papermaking stocks, for instance an increased bonding 
65 strength of the finished paper. Also, it is possible in some cases on e.g. wood-containing printing papers to 
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SoTJSal sllSdd the system using guar gum and 

It has however been found that these known systems are not fullv effactiva for »«i»inr, *hn 
retention problems in all types of papermakmrstocks. ^T^^SS^ ^^£^7,^ S^c^'JS^!:Zt 
■ ^ec^^^^^^^-''*'^'' mechanical or unbleached chemical pulps. As memfonS? aJSvL" S?s ^em Jo S2 
because cattomc starch and cationic or amphoteric guar gum presumabiv has a tandrnL t« ,!» ^ u 

r„?riarc%%Trri:j:r'^^ ^^^^ ""^^ ^ ^"^^At, iea^;sij;„'5St£ 

aluminlum-modified silicic acid, as indicated above, there is however obSS T^^d!^tl7lSh^^^^: 
seteetwity to the anionic inorganic coiioid, also at high contents of trash substene^SicTalSiffi^IS 2 
substances. As will appear from the following Examjes. this improveSlm fe S^eV mJSS^ '"'^'^ 

The greatest improvements obtained with the invention have been observ^lwhan .h« ™». s- * 
mechanical pulps or unbleached chemical pulps. However, irnJrovJSlSKS^5s?o*SaSL^ 

^Jiuwfi *'"!f'f9«»^3nd retention system according to the invention, the inorganic colloid should consist of 

tiS Sa rr^™*'''"^!'"** r'*'"''' ^y^' aluminlum-mSSed^S; fuS 

that the surface groups of the particles contain silicon atoms and aluminium atoms in a ratio offrom 9 B • 0 

•■ ^h.J^^ particles of the sol should preferably have a surface area of iTmS !^Bndn^!^ f^rJ^^!^!^ 
about MO - 1000 m2/g, the best results having been observed S,«. th?i.rfVce area £s SSn abou^So 7nX 
m2/g. The sol has advantageously been stabilized with an alkali. If *e »l ^,?slJS of an^um^ 

?nd NH i il' '"■^m\*'21!L'® -i *° = ' ^^^'i fr<"" the group consisting Na £ U 

and NH4). It has been established that the colloidal sol particles should have a size of lessS M nm anrf 

Sm"aS^J?v"^Hl* 1"'*'*'* ^ ""Sing from about 10 down to 1 nm fa colteSal paS^ of aTuZlJm- 
modjfied siliac acid having a «irface area of about 650 m^/g corresponds ti an average'^pSla iS^about 

«« Jllh^'J?^' ^''f'^ "^^^^ tP*"^ aluminium silicate sol. this can be prepared in a known manner bv 
"^^^^^^ wrth sodium alumlnate. Such a sol has homogeneous particles, such th^thJ 
surfaces of the partides have silicon atoms and aluminium atoms in a ratio of from 95 • 05 to 7 B • 2 5 
Altematn^ely, use can be made of an aluminium-modified silicic acid sol, i.e. a so°in Xch «,iy a slrfaw iavf; 
^ttZ J^T eo"t«'"8 both silicon and aluminium aioms. Such an a iS?m-1SSttS 

B prepared by modifying the surface of a silicic acid sol with alumlnate ions which is ooSa »n»»makk^ 
^cause both aluminiun, and silicon may under suitable conditions JooSlnXiSmb^To X 
io? iwnmT?*"' "t'T*. *ey both have approximately the same atomic diameter SInMtiie ilum na ; 
«.rfi^l 2fl " a««]J«t"«a"y,Went«cal with Si(0H)4. the ion can be inserted or substitrted Sto Se SiO, 
surfera thus generating an aluminium silicate seat having a fixed negative charaer SuSi an aiuminiim,^ 
un^fdlS'S? "'"^'/' "Sainst gel foTmation w!Sin Se ?HTnae rs wJl wh^^^^^ 

Xi^ JlS** ""•^'^y- ^ *^ "^^^ to "t- The production of aluminium-modmS 

repexroriSfShi^ 

ff^n?rSn*Sl„"^::^'* °' - ^'-^^^ 9™"^' strong; aSlcTS:™^.''^^ 

60 lt^Hrc^^lS?c^d^sr^^^^^^^^^ 

t!::£nlalSi:i'^^'^^*^\''- »? «?mSe ;fu'nm'^^^^^^^^ Ll^a W aJ 
norganic colloid, good results can be obtained only at high pH values within this interval while in ihl 
65 invention where use is made of aluminium silicate sol I aluminiurlSS s£ J!" a s^rcJoi; 
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result is obtained witfiin tfie entire pH range. A particular advantage of the present invention thus is that low 
pH below 7 or 6 can be used. 

Other paper chemicals* such as size, alum and the Uke^ can be used, but care must be taken to ensure that 
the contents of these substances do not become so excessive as to adverse^ affect the drainage- and 
5 retention-improving effects of the system according to the invention. 

To achieve the object of the invention, the cationic polyacrylamide Is added to the stock in an amount 
corresponding to 0.005 - 1.5 % by weight, based on the dry substance of the stock. This content range also 
applies to the inorganic colloid. Lower addition levels do not seem to give any notable improvement, and 
higher addition levels do not seem to entail such improvement of drainage and retention as would justify the 
fO increased costs caused by the raised addition levels. 

The invention will be described in more detail hereinbelow in some Examples. 

In the Examples described hereinbelow, use was made of the following chemicals: 

ORGANOSORB^is a bentonite clay obtained from Allied Chemicals, Great Britain. 

ORGANOPOL* is an anionic polyacrylamide obtained from Allied Chemicals, Great Britain. 

fS 



Different starch products 

20 BMB-190, a cationic starch having an N-content of 0.35 %. obtained from Raisio AB, Sweden. 
BMB>165, a cationic starch having an N>content of 0.2 <Vo, obtained f rom'Raisio AB. Sweden. 
HKS, a high'cationised starch having an N-content of 1 .75 
SP-190, an amphoteric starch obtained from Raisio AB, Sweden. 

SOLVITOSE* N, a cationic starch having an N-content of 0.2 obtained from AB Stadex, Malmo, Sweden. 
i5 SOLVITOSE* D9, a cationic starch having an N-content of 0.75 %, obtained from AB Stadex, Malmo, 
Sweden. 



^ Amylopsctin 

CATO 210, an amylopectin product having an N-content of 0.23 9b, obtained from Lyckeby-Nattonal AB, 
Sweden. 

WAX! MAIZE, an amylopectin product having an N-content of 0.31 otytained from Laing National, Great 
35 Britain. 



Polyfmine 

40 

POLYIMIN SK, obtained from BASF, West Germany. 
POLYMIN, SN, obtained from BASF, West Germany. 



45 

Guar gum 

MEYPROBOND"* 120, an amphoteric guar gum, obtained from Meyhall AB, Switzerland. 
MEYPROID* 9801, a cationic guar gum product having an N-content of 2 obtained from Meyhall AG, 
50 Switzerland. 

GENDRtV* 158. a cationic guar gum product having an N-content of 1.43 %, obtained from Henkel 
Corporation, Minneapolis, Minnesota, USA. 

GENDRIV^ 162, a cationic guar gum product having an N-content of 1.71 obtained from Henkel 
CorpoiBtlon, Minneapolis, Minnesota, USA. 

55 



Polyacryfamide products 

60 PAM 1, a polyacrylamide designated XZ 87431 obtained from Dow Chemical Rheinwerk GmbH, Reinmunster, 
West Germany and having a cationic activity of 0.22 meq/g and an approximate molecular weight of 5 million. 

PAM II, a polyacrylamide designated XZ 87409 obtained from Dow Chemical Rheinwerk GmbH, Reinmunster, 
West Germany and having a cationic activity of 0.50 meq/g and an approximate molecular weight of 5 million. 
PAM III, a polyacrylamide designated XZ 87410 obtained from Dow Chemical Rheinwerk GmbH, 
65 ReinmQnster, West Germany and having a cationic activity of 0.83 meq/g and an approximate molecular weight 
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of 5 million. 

PAM IV. a polyacrytamide designated X2 87407 obtained from Dow Cliemical Rheinweric GmbH 
SSlteT' "^^^ ''''•''^ " ^* '"^'^8 and an awroZatTlHSl^r IT^ 

S 

Polyathyiana eaOdm 

to POLYOX COAGUI^NT. a coagulant obtained from Union Carbide Corporation, USA 

POLYOX WSR 301, a polyethylene oxide product obtained from Union Carbide Corporation. USA. 

fS Other pioduets 

Labora?oriSs*USA'°*"'"'""^'" """""^ "'^'^ ^^"^"^ ^0"> Buckman 

20 LaborSSs^USA.*''®*'"'""'**'""" 

LaKStSfw USA* P""**"" •'«^'"9 "'S" activity and obtained from Buclcman 
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EXAMPLE 1 



This Example relates to a drainage test using a Canadian Freeness Tester. The paper grade used was 
supercalendered magazine paper. The stocic comprised 76 % fibre and 24 % filler (C-clay from Enaiish China 
SO Clay). The fibre fraction of the stock had the following composition: tngiisn China 

22 % fully bleached pine sulphate pulp 
15 % dithionite-bleached thermomechanical pulp 
35 <M> groundwood pulp 
28% broke. 

35 

* ^owMnw^'a' magazine papermaking machine and was diluted with white water 
™QTJ^^?'"?^T"*"""' ' stock conoeimation of 3 g/l. The white water had a specific conductivity of M 
mS/m and a total organic content TOC - 270 mg/l. The pH of the stock was adjusted to 5.6 with dllirted wdium 

40 SSr? ^" «*'»f»«Wlity of the stod. was SS^Sed alSiSn* to 

40 SCAN-C 21 : in a Canadian Freeness Tester. "wwiuma » 

As 'no^anJo sol "se was made of a 15 % Al-silicic acid sol having a surface area of about 500 mVa and a 
ratio of SlOa : Na^O of about 40 and 9 «M> At atoms on the sol particle surface which gives 0.46 % ^ (he total 
soiius suDstanc6 of the sol. 

AK :«J®®*^-^®? carried out with both various polymers alone and various polymers combined with 0^ % 
45 inorganic sol, calculated on dry material. In the tests, 1000 ml of stock suspension was placed beaker 
having an agitator driven at a speed of 800 rpm CBritt-jar-). In the tests with the various polymers alone the 
following sequence of steps was used: *^ ^ ' 

1. Addition of drainage and retention polymer to the stock suspension under agitation 

2. Agitation for 45 sec. 
W 3. Drainage. 

1 I^^L"®'"® ® combination of polymer and sol, the following sequence of steps was used: 

1 . Addition of drainage and retention polymer under agitation. 

2. Agitation for 30 sec. 

55 3. Addition of Inorganic soi under agitation. 
A. Agitation for 15 sec. 
5. Drainage. 

so mmfiSl.t rlp^cS? / of chemical dosage for obtaining maximum drainaMlity, expressed as 

% ll^V ?°n*'derably Improved drainability when using a combination \k inorganic sol 
and po lyacrylamide fTeste 5 - 8). and the best prior art systems using cationic starch in combina^on with 
inorganic sol (Tests 18 20. and 22 - 26). and a combination of inor anic sol and guar gum (Terts iS - 17) The 
detnmen^l effect of the trash substances dissolved from the thermomechanical pulp and groundwood duId is 
"nanifest in these known systems as compared with the system according to the Invention 

BS In another series of tests using the same stock, the concentration of inorganic sol was maintained constant 
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at 0.3 Wo, but the added amounts of starch, guar gum or polyacrylamide were varied. The results of these tests 
are given in Table 2 and illustrated in Figs. 2 and 3. As appears from Table 2 and Figs. 2 and 3, drainage was 
improved in the two known processes and also In the process according to the invention. Thus, Fig. 2 illustrates 
the improvements obtained with the known technique as disclosed in European patent specification EP-B-0 041 
5 056 (Tests 28 - 33) and the process as disclosed in European patent specification EP-B-0 080 986 (Tests 34 - 38). 
However, when using the system according to the invention (Tests 39 - 50), the drainability was substantially 
improved at lower additions of the polyacrytamide. 



W 

EXAMPLE 2 

This Example relates to a drainage test using mechanical pulps, namely groundwood pulp, chemi- 
thermomechanicai pulp (CTMP), and perosdde-bleached thermomechanical pulp (TMP). The same inorganic sol 

fS was used as in Example 1 . 

Groundwood pulp (spruce) and TMP were taken from two magazine papermaking mills. By centrifugation, 
the two pulps were concentrated to about 30 ^ dry solids content. The thermomechanical pulp was dried at 
room temperature to about 90 % dry solids content. The chemi- thermomechanicai pulp (spruce) was taken in 
the dry state from a pulp-mill and had a dry solids content of about 95 

20 The pulps were placed for a sufficient time in deionized water and thereafter slushed in a wet-stusher 
(according to SCAN-M2 : 64). After slushing, the pulp suspensions were diluted to 0.3 ^to (3 g/l) with deionized 
water. To the resulting stock was added 1.5 g/l NaSO4>10H2O, corresponding to a specific conductivity of 
about 85 mS/m, such that the specific conductivity was the same as in Example 1. In which white water from a 
papermaking machine was used. 

25 The pH of the stock suspension was adjusted to 4 or 8 by means of diluted NaOH and H2SO4 solutions. 
Drainage tests according to SCAN-C 21 : 65 were carried out with various PAM products alone and 
combinations of the various PAM and sol under the same test conditions as in Example 1. The test results are 
given in Tables 3-7 and Figs. 4 - 8. 
It deariy appears from these results that a combination of polyacrylamide and inorganic sol gives higher 

30 drainage effects that polyacrylamides used alone. The level of the technical effect depends on the pH of the 
stock, the cationic activity of the polyacrylamide, the chemical character of the pulp, and on the chemical 
composition of the water phase, in all cases, the improvement obtained by the addition of polyacrylamide is 
manifest. 

The tests accounted for in Table 7 and Fig. 8 were meant to establish the limit values for the addition of the 
35 aluminium-modified silicic acid sol. The concentration of the added sol was thus varied from 0.025 Wo to 1 %. 
With 0.025 ^ sol, an improvement in drainability of about 40 - 50 ml CSF was obtained as compared with the 
use of polyacrylamide alone. Such an effect is likely to occur also at tower values for the addition of the sol, 
but the improvement will not become as notable. The upper limit has been studied at an addition of up to 1 <Vb 
(10 kg/ton of paper), but there Is nothing to indicate that the effect would be lost at higher addition levels. A 
40 practical upper limit therefore is 1.5 % while, for practical reasons, the lower limit is 0.005 % for this chemical. 
The same values apply to the polyacrylamide chemical. 



45 EXAMPLE 3 

This Example relates to a drainage test using unbleached sulphate pulp with a kappa number of 53, using a 
Canadian Freeness Tester according to SCAN-C 21 : 65. The sol used was the same as in Example 1. 

In this test 360 g dry pulp was placed in 5 litre deionized water for about 20 h. The pulp was thereafter 
SO beaten according to SCAN-C 25 : 76 to a beating degree of about 90 ml CSF. The beating time was about 75 
min. The beaten pulp was thereafter diluted with deionized water to a concentration of 3 g/l (0.3 %). 1.5 g/l 
Na2SO4*10H2O was thereafter added to the fibre suspension, and the pH of the fibre suspension was adjusted 
with diluted NaOH or H2SO4 to pH 4 or 8. 

The other test conditions were the same as in Examples 1 and 2 (order and time for the addition of 
55 chemicals, speed and time for agitation). 

The results are given in Table 8 and also illustrated in Figs. 9 and 10. The inventive effect clearly appears from 
these results. The effect is dependent primarily on the pH of the pulp and the chemical composition of the 
water phase (salt content and presence of dissolved organic substances). 

60 

EXAMPLE 4 

This Example relates to a drainage test for establishing ash retention. The stock used had the same 
composition as that in Example 1. In this Example, too, use was made of the same inorganic sol as in Example 
65 1. 
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iM ™i ^*«L was made of a so^lled dynamic dewatering jar CBrltt-iar-), the first 

100 ml of thefiKrate was collected in a measuring glass. In the measurements, use wal made of a wire haJing a 
3^ „^?h?Z; ^ ^* f**^?' ""^^^ method and the agrtation technique were the same as in Bxamp^l ? 
^^tu"**' P^'^****" '^t' chemical dosage was 46 sec. The agitator speed was 800 rpm T^e 

SSKLlde" alumJum-modified silicic add sol was carried out SO sea i^er the dSag?^ thS 

iqH'® retention measurement method is described by K. Britt and J.E. Unbehend in Research Report 76 1/10 
1881. published by Empire State Paper Research Institute ESPRA. Syracuse, N.Y. 13210 USA. 

From the results in Table 9 and Fig. 11 it appears that a higher ash retention is obtained with a combination 
of polyacrylamide and aluminium-modified silicic acid sol than with polyaciylamide alone. «"noinaiion 



EXAMPLES 



This Example relates to a drainage test using groundwood pulp. In the test, use was made of two tvoes of 

^f'lSIS:"'*;?* ^^yP'^ ^ « reference, a pure silicic add soVT^thrSrm 

of a IS <K> sd having a surface area of about 500 noJ/g and a ratio of SiOj : NajO of about 40 

The groundwood pulp (spruce) was taken from a magazine papermaking mill. By centrifugation. the duId was 
concen^ated to about 30 % dry solids content. After the pulp had been placed for a suffident tSiin ddonSd 
water, it was beaten in a wot-slusher (according to SCAN-M2 : 64). After slushing the odo siiaMi»k>n 
diluted to 0.3 % (3 fl/l) with deionized water. To the thus obtained stodc iSTdded IS gj Z?S!. WhT 
coTOSonding to a specific conductivity of about 85 mS/m. sudt that the specific conduetivl^ was the same as 
in Example 1. in which white water from a papermaking machine was used? 

The pH value of the stock suspension was adjusted to 8 with a diluted NaOH solution. Dralnaae tests 
according to SCAN.C21 : 65 were carried out using PAM alone and combinations S^PAM and InmJdSe^^^ 
acid sd or PAM and duminium-modified silidc add sol. under the same test conditions as in Examole 1 Thl 
test results ere given in Table 10 and Fig. 12. "»nip.B i . ■ ne 

M^i^lt^^^"^ froni these results that a combination of polyacrylamide and Inorganic sol gives improved 
drainabihty as compared with polyacrylamide alone and that the aluminium-modified sol gives a markediv 
improved result as compared with the unmodified pure silidc add sd marKooiy 



EXAMPLES 



K- \° ^ above-mentioned tests, a comparison was made between drainage tests using extremely 

high addition levels of polyacrylamide (PAM III) and the same inorganic sd as in Exam|le 1, and atS«rem?pH 
values. These drainage tests were conducted in the manner described in Example 1. both on the «ock 

SrgS^^nTiw^nSJir^^^ ^""""^ ' « *«»PhBte)"^he 
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TABLE 1 

Chemical dosage for maximum CSF 

5 Test CSF (ml) 

No Chemical Content % without sol with 0.3% 

sol 

1 Zero test - 90 

10 2 ORGANOSORB + 
ORGANOPOL 



IS 



20 



3 POLYOX-Coagulant 

4 POLYOX-WSR301 

5 PAM'I 

6 PAM-ll 

7 PAM-lil 

8 PAM-IV 

9 BUFLOC-171 

10 BUBOND-65 

11 BUBOND-60 



iff 12 POLYMIN-SK 

13 POLYMIN-SN 

14 MEYPROBOND-120 

15 GENDRIV-t58 

16 GENDRIV-162 

30 17 MEYPROBOND-9801 

18 WM-lntemational Laing 

19 WAXUMAIZE 

20 SOLVITOSE-N 
J5 21 CATO-210 

22 RAISIO-SP 190 

23 HKS 

24 S0LVIT0SE-D9 

25 BMB-190 
40 26 BMB-16B 
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130 


200 



65 



8 



EP 0218 674 B1 

TABLE 2 

Drainabilitv as a function of add ed amount of polymer at constant content of Inoroanic sol (0^ «M>I 

S Test BMB-190 GENDRIV PAM-II PAM-III CSF(mn 
No 162 

<M> 
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0.4 


• 




125 


385 


0.6 






110 


31 S 


0.8 


- 


• 


100 


240 


1.0 






SO 


160 




0.067 




145 


165 




0.133 




170 


260 




0.20 




180 


340 




0.267 




200 


425 




0.333 




220 


510 




0.50 




220 


595 






0.067 


160 


240 






0.133 


195 


305 






0.20 


210 


465 






0.267 


240 


535 






0.333 


280 


555 






0.50 


270 


550 



TABLES 

40 

DRAINAGE TESTS WITH CANADIAN FREENESS TESTER 

GROUNDWOOD PULP (100 %) CHEMICAL PULP (100 %) 

4S RAMI Sol CSF CSF PAM IV Sol CSF CSF PAM I Sol CSF CSF PAM IV Sol CSF 

% % (pH=4)(pH-8) <M, % {pH-4)(pH-8) % % (pH-4)(pS-8) !! % (pS-*) 



0.1 
0.2 
0.3 
0.5 



45 


45 




45 


50 




42 










0.05 


40 


0,1 


73 


110 


0.10 


40 


40 


0^ 


73 


225 


0.20 


45 


35 


0.3 


65 


215 


0.30 


40 


30 


0.5 


58 


210 


0.50 











0.05 


0.3 


120 




0.05 


0.1 


0.3 


100 


100 


0.1 


0.3 


275 


157 


0.10 


0.2 


0.3 


263 


180 


0.2 


0.3 


460 


405 


0.20 


0.3 


0.3 


260 


300 


0.3 


0.3 


380 


415 


0.30 


0.5 


0.3 


265 


435 


0.5 


0.3 


120 


385 


1.0 


0.3 


168 

















225 


225 






230 








0.025 




240 




235 


250 


0.05 




230 




250 


265 


0.1 




230 




240 


245 


0.2 




235 




230 


225 


0.3 




245 




230 










0.3 


315 


290 


0.025 


0.3 


270 


0.3 


435 


415 


0.05 


0.3 


410 


0.3 


555 


565 


0.10 


0.3 


625 


0.3 


685 


660 


0.20 


0.3 


635 


0.3 


700 


680 


0.30 


0.3 


460 
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TABLE 4 



PEROXIDE-BLEACHED TMP PULP 

CSF — 54 specific conductivity = 85 mS/m 





rAM II 


Cm! 

Sol 




rMIVI iV 


Sol 


CSF 






% 


(pH-4) 


% 


% 


{pH=8) 








63 






B7 


10 


0.05 




67 


0.05 




67 




o.to 




63 


0.10 




93 




0.20 




73 


0.20 




202 




0.30 




81 


0.30 




455 




Oj50 




86 


0.50 




532 


16 












67 




0.05 


0.3 


72 


0.05 


0.3 




0.10 


0.3 


81 


0.10 


0.3 


91 




0^0 


0.3 


135 


0.20 


0.3 


230 




0.30 


0.3 


237 


0.30 


0.3 


490 


20 


0.50 


0.3 


492 


0.50 


0.3 


600 



TABLE 5 



CTMP pulp CSF « 106. specific conductivity 85 mS/m 





PAM II 


Sol 


CSF 


PAM IV 


Sol 


CSF 




% 


(H> 


(pH-4) 


% 


<Vb 


(PH«8) 


30 












113 






115 








0.05 




145 


0.05 




177 




0.10 




155 


0.10 




295 




0.20 




170 


0.20 




490 


35 


0.30 




180 


0.30 




565 


0.50 




203 


0.50 




595 




0.05 


0.3 


182 


0.05 


0.3 


206 




0.10 


0.3 


265 


0.10 


0.3 


295 


40 


0.20 


0.3 


472 


0.20 


0.3 


545 


0.30 


0.3 


607 


0.30 


0.3 


615 




0.50 


0.3 


670 


0.50 


0.3 


605 



45 

TABLE 6 

DRAINAGE TESTS WITH CANADIAN FREENESS TESTER 

CHEMICAL PULP GROUNDWOOD PULP « 50/50, specific conductivity 85 mS/m 



m 


PAM II 


Sol 


CSF 


CSF 


PAM ill 


Sol 


CSF 


CSF 




4b 


Wa 


(Ph-4) 


(pH-8) 


9fo 


% 


(pH-4) 


(pH-i 








130 


1% 






130 


135 


SS 


0.0S 




145 


130 


0J0& 




135 


150 


0.10 




155 


160 


0.10 




130 


165 




0.20 




146 


175 


0.20 




120 


180 




0.30 




130 


175 


0.30 




125 


345 




0.50 




130 


280 


0.50 




110 


415 


60 


0.(ffi 


03 


185 


145 


0.05 


0.3 


235 


170 




0.10 


0.3 


275 


335 


0.10 


0.3 


395 


285 




0.20 


0.3 


475 


395 


0.20 


0.3 


595 


640 




0.30 


0.3 


560 


535 


030 


03 


615 


645 


BS 


OJO 


0.3 


670 


645 


0£0 


03 


465 


540 
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PAM III Sol 



0 

0.025 
0.05 
10 0.10 
0.20 
0.30 
0.40 
OJ 

IS 



CSF 



50 



70 
60 
55 

45 



Sol 
% 

0.025 
0.025 
0.025 
0.025 
0.025 



CSF 



62 
100 
95 
80 



Sol 
(Hi 

0.05 



0.05 
0.05 
0.05 
0.05 



CSF 


Sot 


CSF 


Sot 


CSF 


Sol 


CSF 


Sol 


CSF 




% 




% 












0.10 




0.20 




0.50 




0.10 




110 


0.10 


110 














170 


0.10 


220 


0.2 


195 


0.50 


140 


1.0 


130 


125 


0.10 


280 


0^ 


410 


0.50 


350 


1.0 


330 


80 


0.10 


185 


0.2 


420 


0.50 


530 


1.0 


430 




0.10 












1.0 


630 




85 


0.2 


175 


0.50 


630 


1.0 


640 



TABLES 



PMA If 


Sol 


CSF 


PAM 11 


Sol 


CSF 




Wo 


(pH-4) 




^ 


(pH=8) 






265 






220 


0.10 




370 


0.10 




360 


0.25 




465 


0.20 




435 


0^0 




480 


0.30 




475 


0.40 




505 


0.40 




530 


0.50 




530 


0.50 




560 


0.09 


0.3 


375 


0.10 


0.3 


340 


0^ 


0.3 


570 


0.20 


0.3 


485 


0.30 


0.3 


610 


0.30 


0.3 


610 


0.40 


0.3 


660 


a40 


0.3 


660 


0.50 


0.3 


695 


0.50 


0.3 


685 



35 



TABLES 

40 

PAM i % Ash retention %, pH-4 Ash retention pH «6.5 





without 


with 0.3 % 


without 


with 0.3% 




sol 


sol 


sol 


sol 


0 


11 




6 




0.1 


65 


77.5 


75.5 


76 


Q2 


85 


96.5 


90.5 


98 


0.3 


94 


95 


85 


97 



5i7 



£5 
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TABLE 10 



PAMII SiOasol Ai-modified CSF 
5 Si02 sol (ml) 

% % % 



10 



IS 



20 



30 



35 



45 



SO 



40 
65 
65 
70 
75 

75 

65 

70 

65 

160 

225 

325 

55 

65 

105 

170 

270 

400 



TABLE 11 

Groundwood pulp (1Q0 pH « 4.0. Specific conductivity = 85 mS/ 

PAM Hi Al-modified CSF 
SiOaSol 

^ qib nril 



0.05 


- 


- 


0.10 


- 


- 


0.20 






0.30 






0.40 






0.50 






0.05 


0.3 




0.10 


0.3 




0.20 


0.3 




0.30 


0.3 




0.4 


0.3 




0.5 


0.3 




0.(ffi 




0.3 


0.10 




0.3 


0.20 




0.3 


0.30 




0.3 


0.4 




0.3 


0.5 




0.3 



40 . - 40-50 

1.0 1.0 470 

1.0 1.5 700 

1.5 1.5 610 



TABLE 12 

Chemical putp (100 %1. Specific conductiv ity ^ 85 mS/m 



PAM III Al-modified CSF pH 

SiOasol 
% % 

100 

^ 02 0,3 545 3.0 

02 0.3 550 10 



60 
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Claims 

1. A papermaking process in which an aqueous paper pulp containing cellulosic pulp and. optionally, also 
mineral filler, is formed and dried, drainage- and retention-Improving chemicals being added to the paper pulp 
5 prior to forming, characterized in that the drainage- and retention-improving chemicals added are a cationtc 
polyacrylamide and a sol of colloidal particles having at least a surface layer of aluminium silicate or 
aluminium-modified silicic acid, such that the surface groups of the particles contain silicon atoms and 
aluminium atoms in a ratio of from 9.5 : 0.5 to 7.5 : 2.5. 
2 Method as claimed in claim 1. characterized in that the cationic polyacrylamide is added in an amount of 
10 0.005 - 1 ^ % by weight, calculated on dry paper stock. 

3. Process as claimed in claim 1 or 2. characterized in that sol is added in an amount of 0.005-1 .5 % by weiaht 
calculated on dry paper stock. ^ ' 

4. Process as claimed in claim 1, 2 or 3. characterized in that the sol has sol particles of a surface area of from 
about 50 to about 1000 m2/g, preferably from about 300 to about 700 mVg. 

/5 5. Process as claimed In any one of claims 1 - 4, characterized in that the pH of the paper pulp is adjusted to 
from about 3.5 to about 10. 

6. Process as claimed in any one of claims 1 - 5. characterized in that the amount of cellulosic pulp in the 
paper pulp Is adjusted to give a finished paper having at least 50 % by weight of cellulosic fibres. 

7. A paper product containing cellulosic fibres, preferably In an amount of at least 50 % by weight, calculated 
20 oil the paper product, and drainage- and retention-Improving chemicals and, optionally* also containing 

mineral filler, characterized in that the drainage- and retention-improving chemicals comprise a cationic 
polyacrylamide, colloidal inorganic particles having at least a surface layer of aluminium silicate or aluminium- 
modified silicic acid, such that the surface groups of the particles contain silicon atoms and aluminium atoms 
m a ratio of from 9.5 : 0.5 to 7.5 : 2.5. 
^ 8. Paper product as claimed In claim 7, characterized In that its content of cationic polyacrylamide and its 
content of colloidal inorganic particles each is 0.005 - 1.5 % by weight calculated on the dry solids content of 
the paper. 



Patantanspruche 

1. Papierherstellungsverfahren, bei dem eine waBrige Papiermasse, enthaltend Cellulosezellstoff und 
gegebenenfalls auch mineralischen Fullstoff, gebildet und getrocknet wird, wobei zu der Papiermasse vor dem 

35 Formen Entwasserungs- und Ruckhalteverbesserungs-Chemikalien zugesetzt werden, dadurch 
gekennzelchnet, da& die zugesetzten Entwasserungs- und Ruckhalteverbesserungs-Chemikalien ein 
kationisches Polyacrylamid und eIn Sol von Kolloldteilchen mit mindestens einer Oberfiachenschicht von 
Aluminiumsilikat oder Aluminiummodifizierter Kieselsaure, so da& die Oberflachengruppen der Teilchen 
Siliciumatome und Aluminiumatome in einem Verhaltnis von 9,5 : 0,5 bis 7,5 : 2,5 enthalten, umfassen. 

40 2. Verfahren gemaB Anspruch 1, dadurch gekennzeichnet, daS das kationische Polyacrylamid in einer Menge 
von 0,005 bis 1,5 Gew.-%, berechnet auf den trockenen Papierstoff, zugesetzt wird. 

3. Verfahren gemiB Anspruch 1 oder 2, dadurch gekennzelchnet, da& das Sol in einer Menge von 0 005 bis 
1,5 Gew.-(^, berechnet auf den trockenen Paplerstoff. zugesetzt wird. 

4. Verfahren gemifi Anspruch 1, 2 oder 3, dadurch gekennzeichnet, da& das Sol Soltellchen mit einer 
45 Oberflache von etwa 50 bis etwa 1000 mVg. vorzugsweise von etwa 300 bis etwa 700 mVg. hat. 

5. Verfahren gemifi eInem der AnsprOche 1 bis 4, dadurch gekennzeichnet, da£ das pH des Paplerbreis von 
etwa 3,5 bis etwa 1 0 eingestellt vinrd. 

6. Verfahren gemaS einem der Anspruche 1 bis 5, dadurch gekennzeichnet, da6 die Menge an 
Cellulosezellstoff In der Papiermasse eingestellt wird. urn ein fertlges Papier mit wenigstens 50 Gew -% 

50 Cellulosefasem zu ergeben. 

7. Papierprodukt enthaltend Cellulosefasem, vorzugsweise in einer Menge von wenigstens 50 Gew.-(M) 
berechnet auf das Papierprodukt, und Entwasserungs- und Ruckhalteverbesserungs-Chemikalien und 
gegebenenfalls auch einen mineralischen Fullstoff enthaltend, dadurch gekennzeichnet daft die 
Entwasserungs- und Ruckhalte-Verbesserungs-Chemikalien ein kationisches Polyacrylamid, kolloidale, 

55 anorganische Teilchen mit wenigstens einer Oberflichenschicht von Aluminiumsilikat oder Aluminium' 
modifizierter Kieselsaure umfassen, so da& die Oberflachengruppen der Teilchen Siliciumatome und 
Aluminiumatome in einem Verhaltnis von 9,5 : 0,5 bis 7,5 : 2,5 enthalten. 

8. Papierprodukt gemafi Anspruch 7, dadurch gekennzeichnet daB sein Gehalt an kationischem 
Polyacrylamid und sein Gehalt an kolloidalen, anorganischen Teilchen jewetis 0,005 bis 1.5 Qew.-%, berechnet 

60 auf den Trockenfeststoffgehah des Papiers. ist 



65 
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Rsvendications 

1 Proc6d6 de fabrication de papier dans lequel una pSte i papier aqueuse contenant una pite cellulosique 
et 'Aventuellement 6galement une charge minerale est formfie et s6ch6e. des produits chimiques ameliorant 

5 {'eaouttaoe et la retention 6tant ajoutes a la pSte i papier avant le formage, caracterwe en oe que les produits 
chimiques ajoutes. ameliorant l egouttage et la retention, sont un polyacrylamide cationique et un so de 
SSes colloTdales ayant au moins une couche de surface de silicate d'aluminium ou d'acKle sihcique 
modifi6 d I'aluminium. tel que les groupes de surface des partlcules contiennent des atomes de siltclum et des 
atomes d'aluminium dans un rapport de 9,5 : 0.5 S 7.5 : 2.5. . » . j 

10 2 Proc6d6 selon la revendication 1, caracteris§ en ce que le polyacrylamide cationique est ajoute dans une 
proportion de 0,005 4 1.5 % en poids. calculi par rapport a la pate i papier seche. ,„„„^i„„ „ nos 

3. Proc6d6 selon la revendication 1 ou 2, caractense en ce que le sol est aioute dans une proportion de 0,005 
4li«*Bnpoid8.CBlcul*pariapportilapateapapiers6che. . , j , 

4. ProcMS selon les revendlcations 1. 2 ou 3. caract6ris6 en ce que le sol comprend des particules de sol 
tS avant une surface sp6cifique d'emrtron 50 a environ 1.000 m2/g. de pr6f6renoe d'environ 300 i environ 700 mVg- 

5. Proc6d6 selon Tune quelconque des revendlcations 1 « 4. caracterise en ce que le pH de la pate a papier 
est alustd d'environ 3,5 d environ 10. , ^- ^ ~^ 

6u Proc6de selon I'une quelconque des revendlcations 1 & 6, caractdrise en ce que la ProP^^on de pate 
cellulosique dans la pdte i papier est ajust6e de faoon d produire un papier flnl ayant au molns 50 % en poids 

20 •'V'pmIw TOirtlnart des fibres celluloslques, de prAfirence dans une proportion d'au moins 60 % en poi^ 
cBlculA par rappoit au papier, et des produits chimiques am^iorant l'6gouttage et la rttention et. 
6ventuellement. contenant egalement une charge minerale. caracterise en ce que les produits chimiques 
ameliorant l'6gouttage et la retention comprennent un polyacrylamide cationique des particules minerales 

25 cSroldales ayant au moins une couche de surface de silicate d'aluminium ou d ecide silicique rnodjfij^^ 
I'aluminium. tels que les groupes de surface des particules contiennent des atomes de sillcium et des atomes 
d'aluminium dans un rapport de 9.5 : 0.5 a 7,5 : 2,5. . .j 

8. Paoler selon la revendication 7, caract6rls6 en ce que sa teneur en polyacrylamide cationique et sa teneur 
en particules mindrales colloTdales sont chacune de 0.005 6 1.5 % en poids, calcute par rapport a la teneur en 

30 mati^res solldes stehes du papier. 
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R g.1 



FREENESS(ml) 



E 

2: 

5 



0.05- 
-0-50 

m 

0.20 
0.50 
033 
050 

0.03' 
-0.50 
0.27 

-0.50 

033 
050 
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I 

s 
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010 
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2.0 
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Fig.8 
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Fig.10 
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